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Outline

Technology Challenges in Wireless Personal
Area Networks (WWPANS)

— Interoperability, interference, support of multimedia
applications

Formal Modeling of Bluetooth

Coexistence Performance Evaluation of WPANSs
and WLANSs in the 2.4 GHz band.

— Simulation models (MAC, PHY, Channel)
— Analysis and Results

Coexistence Mechanisms
Conclusions



NISI- Key Challenges

in WPANs

* Non-interoperable protocols and multiple industry
specifications:
— Bluetooth, HomeRF, IEEE 802.11, DECT, IEEE 802.15
(TG1, TG3, TG4), HIPERLAN.

* |nterference in the unlicensed bands:

— 2.4 GHz ISM Band: Bluetooth, HomeRF, |IEEE
802.(11,11-b) devices operating in the same environment

lead to significant performance degradation in WPAN and
WLAN services.

— 5 GHz Band: HIPERLAN and IEEE 802.11a, IEEE
802.17, weather radar.



NIST Bluetooth

Wireless Personal Area Networking
1 Mb/s Total Data Rate with TDMA structure

— Frequency hopping on a packet basis

Approximately 10 m Range

— 1 mw to 100 mw Transmitter Power

— Low Cost Radio Receivers

Initially Designed for One Hop Operation
— Star-like Topology

— 1 Master and up to 7 Slaves

— Scatternets to allow mutiple hop networks

Voice and Data Links
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* Wireless Local Area Network (WLAN)
— Wireless Ethernet
* 1,2,5.5,and 11 Mb/s
— Direct Sequence Spread Spectrum
— Complementary Code Keying
» Carrier Sense Multiple Access with Collision

Avoidance

— Also virtual carrier sense using request-to-send
(RTS) and clear-to-send (CTS) message

* Range on the order of 100 m
— Up to 1 W Transmitter Power




NISI' Specification

Description
Language (SDL)

Allows formal modeling and (with additional
tools) verification of a protocol - Bluetooth

— Ensure that IEEE 802.15.1 (WPAN) specifications
are correct

Provides a hierarchical view of the protocol

Can be used to generate a software
Implementation

Test scenario creation



USE =ig_type_def;
USE Prap package;
USE bb_package;
USE Imp_packags,;

UISE link_manager_package;

Sample SDL
Charts

G_Im

‘I:(sig_lm e Im)]

(eig_ImZIm p)]

system Lbb | [\aca corector 1) block type Irrp_block | (s_erireim) (sig_processim) | 11y
- anf m, X
---------- o, [L2ca_Eonn Ind J {(5lg_2hCD:| :“““““'r‘)'
Sy L2CAl ! -
| TEUD Crn_ds)} | _E R1 2
"""""" HCI Tttt
L2CAP_¢ |L2CAP Qo . ;
[(Up_LECAP_Cmds)] {(Sg—mﬂ (sg_lmEcntrI):I I:(sig_ImEprccess)]
Ghai
[L20A_Con'|ectFleq] ) HCI G Im G Im
lirk : by . R4 -
Peap2im l!”k—ma”aggﬁ m rmp_control2(1,1): Gprcss Gentrl Imp._p2(0, |
12cap_data | G1 GAlm |Ec’a’p a(gﬁﬁp —l_? ] mp_control2 H(sg_prccesszcmru] Impp2  Gibwer
172cap: (si_Brapeim) M [tsig_bkeim) .
[(L20AP_F|WJ] |2¢ag_b|oc[ésg—lm2 ecap)] [ J lower  Goodec [(SQ-CWEPFCCESSJ:I Goodes
G2G810 [(sig_cntrEIm ; sig_prccesa@lrn)]
IFn_lrmp [ _saecter [ivp_cmas | [t \pramp_re)]
(5ig_Im2: rI),(sig_Im2prccess):|
L2CAP [to_breEcan | G_Im Ro
Imp:
etk | — -
Glower
SC0 tol2cap Ri2
/1 [(sia_bbe mp) | [(LMP_omds)]
LMP R2
/‘EG!—?’””)] [tsia_eagety | tolrmp [tsn_ertrcoten | GO g0 o0
Sco tosco ) —— Irmp_codec(0, }
(ERE [tsa_matis] Imp_codec
[(sig_sco)] Imp_control2 "
IG8c0 Gl2cap Glmp G_lm me_aju]
Baseband: R7
Gribb_block
[me_s:lu
Baseband/ {real s Imp_codec [tsa_crireets £ ]
out2rf (i0_Imp_p2_2bb)
/[rgal_slot]
(sig_thImp)]

Glower

(s'g_lmthb):l




IS >~

Modeling

em Simulation

Bluetooth Bluetooth
Baseband Baseband
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- Detailed DSP Transmitter and
Receiver Simulation Models
(stage 1 - NIST)

- Link Budget Analysis

L J
WLAN
MAC

|
BT packet

| %%, (stage 0 - Mobilian)
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Parameters IN

Main Packet: Type, Power, Frequency, distance(tx,rx)
Interfererence Packet: Type, Power, Frequency, distance(tx,rx), Time Offset




NISI- Spectral m
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NISI- Channel Modeling

« Additive White Gaussian Noise, multipath fading

 Path loss model
{32.45 +20log(f.d) d<8m
Lp =

58.3+33log(d/8) otherwise

« Received power and SIR depend on topology
and device parameters:

PR :PT_LP

SIR=P,—P,



NISI- Physical Layer

Modeling

 DSP based implementation of transceivers

« Design using typical parameters (goal is to
remain non-implementation specific)

 Bluetooth

— Non-coherent Limiter Discriminator receiver, Viterbi
receiver with channel estimation and equalization

« IEEE 802.11

— Direct Sequence Spread Spectrum (1 Mbits/s)
— Complementary Code Keying (11 Mbits/s)
— Frequency Hopping (1 Mbits/s)



NJIST  MAC Modeling

MAC behavioral implementation for Bluetooth
and IEEE 802.11 (connection mode)
Frequency hopping

Error detection and correction

— Different error correction schemes applied to packet
segments (Bluetooth)

— FCS (802.11)

Performance statistics collection
— Access delay, packet loss, residual error, throughput



NISI- Simulation

Impact of WLAN ., 1,5t of Bluetooth

Interference Interference on WLAN
WLAN AP on Bluetooth Performance

Performance
Tx Power 25 m

(0,15)

Traffic Distribution for WLAN and BT (LAN)

K

Offered Load 30 % Of Channel Capacity

Data

Data

Packet Size Geometric Distr. Mean 368 bytes

Statistics Collection Points

(0,d)
WLAN Mobile
Tx Power 25 m\V
Bluetooth Master

Data TX Power 1 mW

(0,0) o) >

Bluetooth Slave,
Tx Power 1 mW



NISI- Impact of
Interference

on Packet Loss
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ler Coexistence

Mechanisms

 Collaborative:

— TDMA solution for scheduling Bluetooth and 802.11
packets on the same device.

— Notch filtering in 802.11 receiver to remove Bluetooth

» Non-collaborative:
— Adaptive frequency hopping
— Varying packet size, data rates, encapsulation
— MAC scheduling
— Distributed power control



NH Packet Loss
for Bluetooth:

Traffic: DM1; 30% Offered Load
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NH Access Delay
for Bluetooth:
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Conclusions

Bluetooth and 802.11b can cause significant
Interference to each other

Coexistence mechanisms can substantially reduce
this problem
— Ongoing work required for Bluetooth voice packets

— Proposals are being evaluated and refined in IEEE
802.15 Task Group 2

— Standard practices for operations are being developed

Having unambiguous specifications is essential

— Submitted SDLs for Bluetooth to be included as an
Annex to IEEE 802.15 TG1 specifications.

Preparing to release simulation tools to the public.
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